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Description 

IMAGE-CAPTURING DEVICE WITH 
SYNCHRONOUS AND AUTOMATIC 
FOCUSING FUNCTION 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to an image capturing appa- 
ratus with a synchronous focusing function, and more 
particularly, to an image capturing apparatus for focusing 
a lens synchronously according to a distance between an 
object and the lens measured by the image capturing ap- 
paratus. 

[0003] 2. Description of the Prior Art 

[0004] Digital cameras have become popular digital products and 
are positioned to eventually replace conventional film 
cameras due to low prices and compatibility with other 
electronic peripherals. There are several shooting modes 
that can be used according to the distance between an 



object and a camera lens. When the object is very close to 
the lens, a user can choose a close-shoot mode (also 
called macro mode) in which the focus range is be limited 
within a specific closed-shoot distance so as to shorten 
the focusing time. If the focusing time is shorter, the ac- 
curacy will be increased since there is less chance envi- 
ronmental interruption during the focusing time. For ex- 
ample, please refer to Fig.l. Fig.l is a relationship dia- 
gram of the step of a lens driven by a step motor and an 
object distance parameter. If the object distance parame- 
ter is larger, the best object distance is more approxi- 
mate. When the camera is in the general-shoot mode, the 
moving range of the lens driven by the step motor is 
larger than the one in the close-shoot mode. As shown in 
the Fig.l, a curve A is the relation curve of the step of the 
lens driven by the step motor and the object distance pa- 
rameter in the general-shoot mode, and a curve B is the 
relation curve of the step of the lens driven by the step 
motor and the object distance parameter in the close- 
shoot mode. Compared with the general-shoot mode, the 
object parameter is more sensitive to the step of the lens 
driven by the step motor in the close-shoot mode. So in 
the undulating possible object distance range, the failure 



possibility due to environmental interruption will be in- 
creased. However in the close-shoot mode of the present 
digital camera, the calculating range of the best object 
distance is limited within a specific range. Nevertheless, 
no matter what shooting mode is used, the lens starts to 
move in steps driven by the step motor from a designated 
position. That is, the moving steps are all the same in ev- 
ery shoot mode. In the close-shoot mode, a processing 
module of the digital camera calculates the best object 
distance within a close-shoot range instead of within the 
moving step range, but the lens still needs to move using 
steps just like the other shoot modes. 
[0005] | n the conventional close-shoot mode, the lens of the 
camera still moves the same distance as in the other 
modes, so users might fail to shoot due to environmental 
interruption during the focusing period. Therefore, there 
is a need to shorten the focusing time in the close-shoot 

mode so that the shoot quality can be improved. 
Summary of Invention 

[0006] it is therefore a primary objective of the claimed invention 
to provide an image capturing apparatus with a syn- 
chronous focusing function for solving the above- 
mentioned problem. 



[0007] According the claimed invention, an image capturing ap- 
paratus includes a lens for capturing an image of an ob- 
ject, a focusing module for focusing the lens, and a focus- 
decisive module including at least one slide rod for mea- 
suring a distance between the lens and the object and for 
controlling the focusing module to focus the lens syn- 
chronously according to the distance. 

[0008] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment, which is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0009] pig.l is a relationship diagram of the step of a lens driven 
by a step motor and an object distance parameter. 

[0010] pig. 2 is a functional block diagram of an image capturing 
apparatus according to the present invention. 

[001 1] pig. 3 is a schematic diagram of a focus-decisive module 
according to a first embodiment of the present invention. 

[0012] Fig. 4 is a schematic diagram of the focus-decisive module 
according to a second embodiment of the present inven- 
tion. 

[0013] Fig. 5 is a schematic diagram of shooting the object with 



the focus-decisive module. 
[0014] pig. 6 is a perspective drawing of the focus-decisive mod- 
ule. 

[0015] pig. 7 is an equivalent circuit diagram of the focus-decisive 
module. 

[0016] Fig. 8 is a schematic diagram of inputting a focus range of 
a focusing module with a slide rod. 

[0017] Fig. 9 is a schematic diagram of an image capturing appa- 
ratus according to a third embodiment of the present in- 
vention. 
Detailed Description 

[0018] please refer to Fig. 2. Fig. 2 is a functional block diagram of 
an image capturing apparatus 10 according to the present 
invention. The image capturing apparatus 10 can be a 
digital camera or a conventional film camera. The image 
capturing apparatus 10 includes a lens 12 for capturing 
an image of an object 14, and a focusing module 16 for 
focusing the lens 12. The focusing module 16 can include 
a driving mechanism to move the lens 12, such as a mo- 
tor. The image capturing apparatus 10 further includes a 
control unit 18 for controlling the image capturing appa- 
ratus 10, a focus-decisive module 20 for measuring a dis- 
tance between the lens 12 and the object 14, and an ana- 



log-to-digital converter 21 for receiving an analog signal 
from the focus-decisive module 20, converting the analog 
signal into a digital signal, and transmitting the digital 
signal to the control unit 18. 
[0019] please refer to Fig. 3. Fig. 3 is a schematic diagram of a fo- 
cus-decisive module 19 according to a first embodiment 
of the present invention. The focus-decisive module 19 
includes a slide rod 22 installed on a housing of the lens 
12 for sliding on the housing of the lens 12 and measur- 
ing a distance between the object 14 and the lens 12, a 
stop device 24 installed on the housing of the lens 12 for 
fixing the slide rod 22 with a force to avoid sliding. A dis- 
tance-measuring device is composed of the slide rod 22 
and the stop device 24. That is, the distance between the 
slide rod 22 and the object 14 can be measured with the 
slide rod 22 and the object 14, and the distance can be 
presented with the scale on the slide rod 22. The focus- 
decisive module 19 is not limited to using the slide rod 22 
and the stop device 24 or using one set of the slide rod 
22 and the stop device 24. Please refer to Fig. 4. Fig. 4 is a 
schematic diagram of the focus-decisive module 20 ac- 
cording to a second embodiment of the present invention. 
The focus-decisive module 20 includes three slide rods 



22 installed on the housing of the lens 12 for sliding on 
the housing of the lens 12 and measuring the distance 
between the object 14 and the lens 12, and three stop de- 
vices 24 installed on the housing of the lens 12 for fixing 
the slide rod 22 with a force to avoid sliding. A distance- 
measuring device is composed of a set of one slide rod 22 
and one stop device 24. That is, the distance between the 
slide rod 22 and the object 14 can be measured with the 
set of the slide rod 22 and the object 14, and the distance 
can be presented with the scale on the slide rod 22. The 
three slide rods 22 and their corresponding stop devices 
24 are linked together. That is, the movements of the 
three slide rods 22 are identical so as to calculate the dis- 
tance between the object 14 and the lens 12. Please refer 
to Fig. 5. Fig. 5 is a schematic diagram of shooting the ob- 
ject 14 with the focus-decisive module 20. When the user 
uses the image capturing apparatus 10 to capture an im- 
age of the object 14 when the lens 12 is very close to the 
object 14 so as to use the close-shoot mode, the slide 
rods 22 can jut out of the housing of the lens 12 and 
press against the object 14. At this time, the stop devices 
24 can be used in fixing the slide rods 22 so as to prevent 
the slide rods 22 from sliding on the housing of the lens 



12. Therefore, first the lens 12 can be supported above 
the object 14 with the slide rods 22, and secondly the dis- 
tance between the lens 12 and the object 14 can be mea- 
sured. 

[0020] please refer to Fig. 6. Fig. 6 is a perspective drawing of the 
focus-decisive module 20. The focus-decisive module 20 
further includes a variable resistance 26 connected to the 
slide rod 22, and a bar 28 installed inside the slide rod 22 
to connect to different parts of the variable resistance 26 
according to the sliding movement of the slide rod 22. 
Please refer to Fig. 7. Fig. 7 is an equivalent circuit diagram 
of the focus-decisive module 20. An output voltage Vout 
of the bar 28 can be generated by inputting an input volt- 
age Vin to the variable resistance 26 according to the lo- 
cation on the variable resistance 26 of the bar 28. There- 
fore according to the proportional relation of the input 
voltage Vin and the output voltage Vout, the location on 
the variable resistance 26 of the bar 28 can be measured 
so that the distance between the lens and the object 14 
can be measured according to the distance of the slide 
rod 22 jutting out of the lens 12. 

[0021] please refer to Fig. 2, Fig. 5, and Fig. 7. When the slide rods 
22 of the focus-decisive module 20 slide against the ob- 



ject 14 and are fixed by the stop devices 24, the focus- 
decisive module 20 can generate the output voltage Vout 
shown in Fig. 7 to the analog-to-digital converter 21. The 
analog-to-digital converter 21 converts the analog volt- 
age signal transmitted from the focus-decisive module 20 
into a digital signal, and transmits the digital signal to the 
control unit 18. The control unit 18 receives the digital 
signal transmitted from the analog-to-digital converter 
21 and calculates the distance between the object 14 and 
the lens 12 according to the digital signal so as to control 
the focusing module 16 to focus the lens 12. However 
only one of the three slide rods 22 can output the infor- 
mation of the sliding movement, and the other two slide 
rods 22 only provide the function of supporting the lens 
12. 

[0022] please refer to Fig. 8. Fig. 8 is a schematic diagram of in- 
putting a focus range of the focusing module 16 with the 
slide rod 22. For example, when the close-shoot mode of 
the image capturing apparatus 10 applies to a situation in 
which the distance between the object 14 and the lens is 
close to 4 cm, the slide rod 22 of the focus-decisive mod- 
ule 22 can be jutted out of the housing of the lens 12 at a 
four-centimeter distance or at a distance greater than 4 



cm so that the automatic focusing operation can be pro- 
cessed according to the distance between the lens and the 
object 14 measured with the slide rod 22. When the slide 
rod 22 slides into positions corresponding to 10, 20, 40 
or oo symbols on the housing, the focus range of the fo- 
cusing module 16 is simultaneously set within the corre- 
sponding range. The setting of the focus range depends 
on the design demands. After setting the focus range, the 
focus-decisive module 20 can transmit the output voltage 
Vout shown in Fig. 7 to the analog-to-digital converter 21. 
The analog-to-digital converter 21 converts the analog 
voltage signal transmitted from the focus-decisive module 

20 into a digital signal, and transmits the digital signal to 
the control unit 18. The control unit 18 receives the digi- 
tal signal transmitted from the analog-to-digital converter 

21 and calculates the distance between the object 14 and 
the lens 12 or the limiting focus range of the focusing 
module 16 according to the digital signal so as to control 
the focusing module 16 to focus the lens 12 syn- 
chronously. 

[0023] | n addition, if the lens of the image capturing apparatus is 
an inner adjustable lens (that is, the lens expands and 
contracts inside the housing of the image capturing appa- 



ratus), the focus-decisive module 20 can be installed on 
the housing of the image capturing apparatus. Please re- 
fer to Fig. 9. Fig. 9 is a schematic diagram of an image cap- 
turing apparatus 30 according to a third embodiment of 
the present invention. The image capturing apparatus 30 
includes a housing 32, an inner lens 34 installed inside 
the housing 32, and the focus-decisive module 20 in- 
stalled on the housing 32. Because the inner lens 34 ex- 
tends and contracts inside the housing 32 of the image 
capturing apparatus 30, the focus-decisive module 20 
cannot be installed on the housing of the lens as in the 
previous embodiments, and can be installed on the hous- 
ing 32 of the image capturing apparatus 30. The working 
principle of the slide rod 22 and the stop device 24 is the 
same as the previous embodiment, so the detailed de- 
scription is omitted. 
[0024] | n contrast to the prior art, the image capturing apparatus 
according to the present invention can process the auto- 
matic focus operation synchronously according to the dis- 
tance between the object and the lens measured with the 
focus-decisive module. Hence the image capturing appa- 
ratus according to the present invention has advantages 
of shortening the focus time, and increasing the focus ac- 



curacy and the stability. As for shortening the focus time, 
the slide rod of the focus-decisive module generates the 
distance between the object and the lens; meanwhile, the 
lens of the image capturing apparatus moves to the corre- 
sponding shoot position by adjusting the slide rod to 
measure the distance between the lens and the object in- 
stead of the prior art lens that starts to move in steps 
driven by the step motor from a designated position. That 
is, the moving steps are all the same in every shoot mode. 
In the close-shoot mode, a processing module of the dig- 
ital camera calculates the best object distance within a 
close-shoot range instead of within the moving step 
range, but the lens still needs to move using steps just 
like the other shoot modes. 
[0025] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



